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Abstract: Silvopastoral systems are a viable option to increase livestock productivity, The silvopastoral 
arrangement of Leucaena leucocephala associated with Megathyrsus maximus CV Mombasa (LMS) is 
successfully cultivated in tropical environments.. The objective of the study was to determine ewe daily-
weight gain grazing LMS and a tropical unimproved native range. Two LMS were tested: high and low 
leucaena densities, 4700 and 2383 plants/ha, respectively. Grazing was rotational, lasted 150 d (rainy season) 
at equivalent stocking rate of 59 ewes/ha/150 d. Experimental design was a completely random design with 
three replications, the experimental unit was a 192 m2 plot. Variables measured on plots were amount (dry 
matter basis), in vitro dry matter digestibility (IVDMD), and crude protein (CP) of forage on-offer, from 
mixed samples herbaceous and tree fodder. Weight and serum concentrations of Ca, P, K, Mg, Na, Zn, Cu, 
and Fe were measured in ewes, daily weight gain was calculated. On average forage on-offer and IVDMD 
concentration were 50 and 15% higher (p<0.05) in LMS than in native range, respectively, with no 
difference between LMS. CP concentration was 25% higher (p<0.05) in native range than both LMS, with 
no difference between them. LMS’s showed no difference (p>0.05) between them on ewe daily weight gain, 
on average 59.2 g, and were higher than native range where ewes showed a mean daily weight loss of 14.8 g. 
Serum concentrations of the 8 minerals measured were similar (p>0.05) across all ewes regardless the 
treatments. It was concluded that the Leucaena leucocephala-Megathyrsus maximus CV Mombasa 
silvopastoral system is an option to improve livestock productivity compared with unimproved native range 
due to higher forage on-offer. 
Introduction 
Silvopastoral systems are sustainable livestock production alternatives as they improve both animal 
production indicators and environmental services (Gallego et al., 2017). Sierra of Huautla is a protected 
reserve, in the state of Morelos, Mexico, and within its boundaries there are some communal tropical 
rangelands that support livestock grazing, from which small-holder farmers obtain some income. However, 
animal production indicators are low and some land and vegetation degradation have been associated to 
inadequate rangeland management and lack of rehabilitation protocols. 
Silvopastoral systems adapted to the area could be an option to fight these two conditions: poor animal 
production and land and vegetation degradation (Murgueitio et al., 2014). Alonso (2011) reported that 
silvopastoral systems with legume species improve soil fertility and cover, while Gaviria-Uribe et al. (2015) 
added that planned silvopastoral systems that provide forage and browse increase total feed on-offer 
compared to single species pastures.  The objective of the study was to compare the quantity and quality of 
forage and browse offered, as well as the changes in live weight in sheep at silvopastoral systems of 
Leucaena leucocephala associated with Megathyrsus maximus CV Mombasa and an unimproved native 
range. 
Methods and Study Site 
The study was carried out in El Limón, Tepalcingo, Morelos, Mexico within the Huautla Sierra protected 
area, that has a semi-arid (up to 7-8 months of drought) tropical climate and vegetation of deciduous shrubs 
and low trees. Three treatments were evaluated: Leucaena leucocephala-Megathyrsus maximus CV 
Mombasa silvopastoral systems at two L. leucocephala densities, high (LMSH) and low (LMSL) and a 
control treatment of native unimproved range (NUR). Experimental design was a completely randomized 
design with three treatments and three replications. The experimental unit was a 192 m2 plot. 
LMSH and LMSL were established and fenced at the start of the rainy season of the year before 
experimental grazing was carried out, NUR plots were fenced at this time as well. Leucaena plants were 
grown in nursery for two months prior to planting on the field. Planting of leucaena plants was done in rows 
2m apart, at 4700 and 2383 plants/ha for LMSH and LMSL, respectively, Mombasa grass was sown in rows 
within leaucaena rows at 8 kg seed/ha. Experimental grazing lasted 150 d during the 2015 rainy season, just 
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before grazing started tree/shrub count was done in the NUR plots, on average they showed 300 plants/ha. 
Grazing was rotational with 21-28 d of resting, the stocking rate was 59 ewes/ha. 
Variables assessed were: on-offer (Haydock & Shaw, 1975) forage and browse on dry matter basis, in vitro 
dry matter digestibility (IVDMD; Barnes, 1969) and crude protein (CP; AOAC, 1984); and, ewe weight and 
serum Ca, P, K, Mg, Na, Zn, Cu, and Fe concentrations (Fick et al., 1979), daily weight gain was calculated, 
serum mineral concentrations were determined at the start and end of the experimental grazing. Statistical 
analysis was by analysis of variance using PROC GLM of SAS (SAS 9.4, 2014). If a main effect was 
significant (p≤0.05) least square mean multiple comparison was done using Tukey at α = 0.05.  
Results 
LMSH and LMSL had similar (p>0.05) yield of forage on-offer which was 2.2 times higher (p<0.05) than 
NUR, while in browse on-offer LMSH had the highest yield which was 2.2 and 22 times higher than LMSL 
and NUR, respectively; however, LMSH and LMSL provided similar (p>0.05) total feed on-offer during the 
rainy season (Table 1).  
Table 1. Forage, browse and total feed on-offer (kg DM/ha) at three systems during the rainy season.  
Silvopastoral system Forage  Browse  Total feed 
LMSH* 8936±506.2ª 218±42.2ª 9154±534.4ª 
LMSL 7841±737.4ª 98±24.8b 7939±754.6ª 
NUR 3712±108.8b 10±4.5c 3722±107.0b 
*LMSH, Leucaena leucocephala-Megathyrsus maximus at 4700 plants/ha; LMSL, Leucaena leucocephala-
Megathyrsus maximus at 2383 plants/ha; NUR, native unimproved range at 300 trees/ha. Means within 
columns with one letter in common are not statistically different (Tukey, α=0.05). 
Silvopastoral system influenced (p<0.05) IVDMD and CP of forage on-offer, with no effect (p>0.05) on 
browse on-offer quality measurements. LMSH showed the lowest forage IVDMD on-offer, while NUR had   
1.5 times higher forage CP on-offer than the mean of the other two silvopastoral systems that had similar CP 
content in the forage on-offer. Ewes grazed on NUR lost (p<0.05) weight while ewes grazed on the two 
leucaena systems had similar weight gain (P > 0.05) (Table 2). 
Table 2. In vitro dry matter digestibility (IVDMD), crude protein (CP) of forage and browse 












LMSH* 46±3.5b 67±1.5ª  7.8±1.1b 22.7±1.8ª  53±9.4ª 
LMSL 61±2.4ª 61±6.6ª  7.0±0.3b 21.6±2.8ª   65±18.3ª 
NUR 61±6.1ª 56±4.0a  11.7±0.7ª 19.2±2.4ª  -15±5.23b 
*LMSH, Leucaena leucocephala-Megathyrsus maximus at 4700 plants/ha; LMSL, Leucaena 
leucocephala-Megathyrsus maximus at 2383 plants/ha; NUR, native unimproved range at 300 trees/ha. 
Means within columns with one letter in common are not statistically different (Tukey, α=0.05). 
Mineral serum concentrations were similar (p>0.05) among ewes regardless the silvopastoral system 
assigned, with the exception of P content, where ewes grazed on NUR had 13% less P than ewes grazed on 
LMSH at the end of the experimental grazing period. At the end of the experimental period, ewes grazed on 
all three systems had lower concentrations of Mg, Na, and Zn than those reported by Puls (1988; Table 3). 
 
Table 3. Mineral serum concentrations (mg/L) in ewes at the start and end of experimental grazing in 
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Planned arrangement of fodder trees (leucaena) and introduction of an improved grass (cv Mombasa) caused 
a large increase in the supply of forage, browse and total feed in the silvopastoral system treatments 
compared to the native distribution area. In these systems 8 and 16 times more trees were used than those 
found in the native range. The above, added to the fodder vocation of leucaena, explain the greater amount of 
browse in silvopastoral systems. Echavarría et al. (2007) agree on these both conditions to explain the higher 
feed available in planned silvopastoral systems compared with native ranges. Torres-Acosta et al. (2008) 
reported that in planned silvopastoral systems fodder trees are kept at a similar canopy height, while in native 
range upper canopy could be variable in height and then in browse yield. Reid et al. (2014) pointed out that 
in the evaluation of planned silvopastoral systems wildlife feeding and shelter should be determined in 
addition to animal production of livestock. 
The better ewe performance measured by daily weight gain in both leucaena systems compared with the 
NUR, could be explained on basis of the higher amount of feed on-offer in those two lucaena systems, rather 
to differences in feed quality. The IVDMD and CP were similar for browse on-offer in all treatments, which 
shows that the nutritional value of the trees found in the native range is similar to that of leucaena. This 
highlights the fodder potential of these species and the need to include them in the design of silvopastoral 
arrangements to evaluate their performance. The IVDMD of forage on-offer was lower in the treatment with 
a higher density of leucaena. The CP of forage on-offer was higher in the native range. This shows that the 
herbaceous plants of the native range have a higher nutritional value than the grass cv Mombasa. The only 
mineral that presented variations during the experiment was phosphorus in the treatment with the highest 
amount of leucaena. It can be deduced that the duration of this work was not sufficient to observe an effect 
on the concentration of minerals in the blood serum of the animals that grazed in the treatments. 
It was concluded that planned silvopastoral systems based on Leucaena leucocephala at high plant density 
along with an improved tropical grass are an option to improve animal performance compared with native 
tropical range. Environmental services of such planned silvopastoral systems are still to be elucidated. 
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